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Deformed aerogels induce a global anisotropy in the superfiuid ®He and orient the orbital part of 
its order parameter. Here a phenomenological theory of the orientational effect of elastic deforma¬ 
tions of aerogels on the superfluid phases of ®He in the spirit of conventional theory of elasticity is 
formulated. Phenomenological coefficients, entering basic relations, depend on properties of given 
aerogel in the non-deformed state. Examples of originally isotropic silica aerogel and axially sym¬ 
metric ’’nematically ordered” aerogel are considered. Values of phenomenological coefficients are 
estimated with the aid of a simple microscopic model. An example of a nonuniform deformation of 
’’nematically ordered” aerogel is discussed. 

PACS numbers: 67.30.hm, 67.30.er, 67.30.he, 61.30.-v 


I. INTRODUCTION 

High porosity aerogels immersed in the superfluid ^He 
play part of ensemble of impurities in this unconventional 
(p-wave) superfluid.ii^ For the p-wave superfluid the or¬ 
der parameter is a 3x3 complex matrix A^j. The first 
(Greek) index of this matrix enumerates three possible 
projections of spin and the second (Latin) - three pro¬ 
jections of the orbital momentum of a Cooper pair. In 
the bulk liquid, if the effect of the walls of a container 
can be neglected, the order parameter is degenerate with 
respect to rotation of its orbital part. This degeneracy 
can be lifted by anisotropy introduced by aerogel. There 
is always a random local anisotropy with a characteris¬ 
tic scale of the order of a distance between the strands 
forming aerogel. For a macroscopic orientation of the or¬ 
der parameter of importance is the average, or the global 
anisotropy with a characteristic scale of the order of a size 
of a sample. Global anisotropy depends on composition 
of aerogel and technology of its preparation. Aluminium 
based ’’nematically ordered” aerogels have strong uni¬ 
axial anisotropy. As prepared silica aerogels (based on 
Si02) usually are close to being isotropic. Anisotropy of 
both aerogels can be changed by their deformation. Even 
small (few percent) squeezing of the sample of silica aero¬ 
gel turned out to be sufficient for fixing orientation of 
the orbital vector 1 in the A-like phase.— Deformation of 
the ’’nematically ordered” aerogels can break their axial 
symmetry— At present there are other examples of the 
use of a controlled deformation of aerogel as a tool for 
orientation of the order parameter of superfluid ^He— “— 
On the other hand the existing theories are limited to 
analysis of a simple uniaxial strain of originally isotropic 
aerogel. They are based either on the qualitative Model 
of Random Cylinders (MRC),— or on a symmetry argu¬ 
ment applied to a restricted class of order parameters.— 
We believe that a more systematic approach to the prob¬ 
lem is required. 

In a present paper the orientational effect of elastic 


macroscopic deformations of isotropic and anisotropic 
aerogels on the order parameter of superfluid ^He is con¬ 
sidered with the aid of conventional theory of elasticity 
(e.g— ) combined with a phenomenological description of 
the local anisotropy induced by aerogel. 

The paper is organized as follows: Set up and phe¬ 
nomenological analysis of the problem are presented in 
Sec. H In Sec. imi the proposed scheme is applied to 
simple uniform deformations of isotropic and anisotropic 
aerogels. Phenomenological constants, entering general 
expressions are evaluated with the aid of the microscopic 
model in Sec. m and in Sec. El a simple example of a 
nonuniform deformation is considered. 

II. PHENOMENOLOGY 

In the vicinity of the transition temperature Tc pres¬ 
ence of aerogel in a principal order on its concentra¬ 
tion can be formally described by the additional term 
fa = Vji{^)Aij,jA’^i in the Landau expansion of the den¬ 
sity of thermodynamic potential, where rjji{v) is a real 
symmetric random tensor.-l^ It enters the linear part of 
the Ginzburg and Landau equation 

+ ( 1 ) 

were t = {T -Tc)/Tc and Tensor r]ji{r) 

varies in space on a scale of the average distance be¬ 
tween the strands of aerogel, its isotropic part |<5j/?7„„(r) 
describes local shift of Tc, while the anisotropic part 
m^“^(r) = riji{r) - - the local anisotropy. 

Global anisotropy of aerogel is characterized by the en¬ 
semble average {rjjiir)) = Kji. This average varies on a 
distance of the order of a size of a sample. 

Deformation of a sample in terms of the conventional 
theory of elasticity^ is described by the displacement 
vector u(r) = r' — r, where r and r' are respectively 
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initial and final positions of a material point within the 
aerogel. If the deformation is elastic (reversible), then 
Kji(r) is a function of derivatives dum/dxn- The deriva¬ 
tives can be grouped in two combinations - symmetric 
and antisymmetric, having different physical meaning. 
The symmetric combination 





( 2 ) 


in a linear approximation coincides with the strain ten¬ 
sor. For given external conditions uji can be found as 
the solution of corresponding problem of the theory of 
elasticity. Then the ensuing change of Kji in a principal 
order on Uji can be written as: 




( 3 ) 


The “susceptibility” Xjimn has obvious symmetry prop¬ 
erties following from the definitions of Kji and Umn- 


X 


jlmn 


= x. 


Ijmn 


= X 


^jlnm • 
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Additional restrictions on Xjimn can follow from the sym¬ 
metry properties of the non-deformed aerogel. 

The antisymmetric combination of derivatives 


1 / duj dui \ 

2 \ dxi dxj J 


( 5 ) 


is connected with the local rotation of the infinitesimal 
volume of aerogel at the point r by the angle S(p = ^rotu. 
The ensuing change of anisotropy can be written as a 

commutator Sk^i = VjmK^mi ~ ^fm'^rni, where is the 
value of tensor Kji before deformation. Together with 
Eq. ([3]) it renders correction to kji of the first order on 
derivatives of the displacement vector: 

_ (0) I (0) (0) I A 

l^jl — -j- Xjm^ml T Xjlmn'^mn- (o) 

This formula serves as a basis for a more detailed analysis 
of particular situations. 


III. EXAMPLES 


The most simple situation arises when the non- 
deformed aerogel is isotropic, i.e. ^ 5ji. Since 
commutes with Vji only true deformations uji contribute 
to the induced anisotropy. The susceptibility Xjimn in 
this case is a combination of isotropic tensors: 


Xjimn — X^ ^^jl^mn “t” ^ {.^jm^ln “t” ^jn^lm ^^jl^mn)j 

( 7 ) 


where and are phenomenological coefficients, 
and the change of Kji is given by 


6Kji = X^^^^SjiUpp 2A^^^ 



( 8 ) 


Of principal interest is the second term on the r.h.s. 
in what follows) which breaks rotational symmetry. 

As an example consider deformation of a simple exten¬ 
sion (or simple compression) of a sample in the form of 
a rectangular parallelepiped along one of its symmetry 
axis, taken as z-direction. If Sh^ is a change of its size hz 
in z-direction only diagonal components of Uji are finite: 
Uzz = Shz/hz,Uxx = Uyy = -apUzz, where ap is the 
Poisson ratio. Substitution of such Uji in Eq. ([5]) renders 
for the induced anisotropy tensor 

k)/ = —^(1 + crp) — {3zjzi - dji). ( 9 ) 

If ^He is in the Anderson-Brinkman-Morel (ABM) phase 
with the order parameter A^j = {A/^)dp{rhj -|- ihj) 
and the usual definitions of the mutually orthogonal unit 
vectors m, n, 1 = rh x n the orientation energy is 

A$ = A(0)^aW( 1 + ap)^[l - 3(1 • if]. (10) 

O tlz 

The induced orientation of 1 depends on the sign of A^^\ 
that is determined by the concrete structure of aerogel. 
In case of a simple extension > 0. If A*^^^ > 0 mini¬ 
mum of A$ is reached at (1-z)^ = 1, i.e. 1 is aligned with 
z. IfA(i) <01 must belong to a plane, perpendicular 
to z. E.g. for aerogels used in experiments^!^ the latter 
possibility is favored. 

If deformation of the sample is a simple shear e.g. Uy = 
az, the non-vanishing components of the strain tensor are 
Uyz = Uzy = a/2 and corresponding anisotropy tensor is 

4 “^ = + Zjyi]. ( 11 ) 

For A(i) < 0 such anisotropy orients vector 1 of the ABM- 
order parameter in yz plane along the line inclined for 
the angle ^ with respect to positive direction of z-axis. 
This result is expected because pure shear is a combi¬ 
nation of a simple extension and a simple compression 
in mutually perpendicular directions. We conclude that 
the anisotropy, induced in the superfluid ^He by defor¬ 
mation of originally isotropic aerogel is determined by 
one phenomenological constant A^^^. 

In the above examples we considered the average orien¬ 
tation of i prescribed by the global anisotropy 4“^. The 

effect of fluctuations r]ji (r) — was neglected since it 
appears in the second order on the perturbation. When 
44 = 0 only the effect of fluctuations remains. Because 

of degeneracy of the state with respect to direction of 1 
the fluctuations disrupt the long-range order and lead to 
formation of the Larkin-Imry-Ma (LIM) state i^*^'^^ At fi¬ 
nite 44 ordering effect competes with the disrupting 
effect of fluctuations. Estimations show^*^ that two ef¬ 
fects are comparable at a deformation ^ ^ 10“^ — 10“^. 
The anisotropy wins at ^ > 10“^. If deformation is 
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nonuniform regions of the ordered 1 can coexist with re¬ 
gions of disrupted order. 

Aluminium based aerogels^^ consist of long strands, 
which are approximately parallel to one direction. In 
what follows this direction is specified by a unit vector 
Vj. These aerogels in a non-deformed state have average 
axial symmetry and induce anisotropyi^ 

- Sjl) = ^KWjl. ( 12 ) 

Experiments^ show that in a presence of such aerogel 
equilibrium orientation of the A-like phase corresponds 
to 1 _L i.e. to k < 0. Such orientation of 1 agrees 
with a simple physical argument. The shorthand no¬ 
tation Wji = {vjVi — \5ji) introduced in Eq. (fT^ is 
convenient for writing down a phenomenological expres¬ 
sion for Xjimn- Now this tensor has to be constructed 
of products of components of vector Vj and of the unit 
tensor Smn- Altogether there are six combinations, meet¬ 
ing the symmetry requirements specified by Eq. 

SjnVmVi + 6jmViVn)'-,5mnVjVi]VjViVmVn- It is Convenient 
to regroup these combinations so that 


Xji mn — joSiiS 

mn + 'jiSjiw mn 
+'r2WjiS mn T ^sWjlWjnn 
2 

~\~^4:{^jmSln T Sjn^lm jl^mn ^'^jl'^mn') 

T SjnWlml'ri T ^Im'^jn T SlnWj^ 

4 4 

‘^'^jl'^mn') ^ (1^) 

where 70,...,75 are phenomenological coefficients, their 
relative values depend on the initial anisotropy. The first 
four terms on the r.h.s. of Eq. (1131) do not break the ini¬ 
tial axial symmetry for arbitrary deformation, they intro¬ 
duce small corrections to the overall transition tempera¬ 
ture and to a strength of anisotropy k. Orientation of the 
order parameter in the plane orthogonal to the symme¬ 
try axis can be induced only by the last two terms. For 
example a simple extension in a direction x, which 
is perpendicular to Vj corresponds to the strain tensor 
y-mn = ^[(1 + crp)XmXn “ cTpSmn]- It leads to the in¬ 
crement of Kjl 


C 7 

SkjI = -r^Sji['^o{l - 2(jp) - 71 ( 1 - 1 - crp)] 

Sh 

+ - 2ap) - 73(1 -I- crp)] 

+ ^(1 + o-p) [li - ^75 j {xjXi - ijjyi). (14) 


The sense of orientation of vector 1 of the ABM-order 
parameter in the xy plane is determined by the orienta¬ 
tional energy 


which depends on the sign of the combination (74 — § 75 ) ■ 
If it is positive a uniform squeezing along x-direction ori¬ 
ents 1 in y-direction. The only available data for squeez¬ 
ing of nematic aerogel in a direction perpendicular to its 
strands^ favors this sense of orientation. This result con¬ 
trasts with that for isotropic silica aerogel, where 1 orients 
itself along the direction of squeezing. 

For a simple shear in the xy-plane {ux = ay) Umn = 
Pmn — ’^i.Xm'yn ^n^/m) Xjl COmmuteS 

with 


SkjI = 



a{yjXi + Xjiji) 


(16) 


and situation is analogous to that in the isotropic aerogel. 
For a shear in the zy-plane (uy = az) both Umn and Vmn 
contribute to the breaking of symmetry. Substitution of 
ymn — 4“ ^mijn) and Vmn — ’^(.Vni^n ^mijn) in 

Eq. dH]), using Eqs. (IT^ and (IT^ . renders 


1 3k' 

= ( 74 + o75 + — ) aijjjZi + z^yi). (17) 


IV. MODEL 


The effect of deformation of aerogel on orientation of 
the order parameter of the ABM-phase of superfluid ^He 
was qualitatively interpreted within the ” Model of Ran¬ 
dom Cylinders” (MRC in what follows}^ (cf. also^). Here 
we apply this model to evaluation of the coefficients in¬ 
troduced in the previous section. For this purpose the 
MRC can be formulated as follows. Aerogel is an en¬ 
semble of randomly distributed in space and randomly 
oriented identical circular cylinders.The cylinders induce 
the anisotropy field ? 7 jz(r) which in a principal order on 
where is the coherence length of superfluid ^He 
and I is the mean free path, can be represented as a sum 
of contributions of individual cylinders: 

^4/(r) = ^77j7^(r-rs). (18) 


Here (r—fs) is the local anisotropy induced by a single 
cylinder, situated at the point and summation in Eq. 
(IT51) is going over all cylinders. Averaging of Eq. (fT51) 
renders: (ijji) = ( 0 )), where n is the volume density 

of impurities and y^PiO) - Fourier transform of yjp(r) 
at k = 0 .Perturbation induced by an axially symmetric 
impurity according to Ref.— can be represented as a sum 
of two parts: 


( 0 ) = + a^‘'p3ajai - Sji) 


(19) 


A 2 


SK 


= iV(0)— 74 - 775 (1 + ap)^ili - li), (15) 


where aj , di are components of a unit vector in the direc¬ 
tion of symmetry axis of a chosen impurity, 
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and and are different averages of the differen¬ 
tial cross-section da/dO. of Fermi quasi-particles by the 
impurity. They are defined by the equality: 


= 3 


At: 


{?,djdi - Sji) 
d‘^d'[Pji)i - v')- 


( 20 ) 


E.g. if impurities are circular cylinders with the ra¬ 
dius Q and the height b ^ g, which specularly reflect 
quasi-particle, then (cfi^) = jbg and = —^bg. 
For diffusive scattering = (^tt — |) bg and (t^“^ = 
— ^ ~ ^ Note, that the sign of does not 

depend on the type of scattering (diffusive or specular), 
but depends on the shape of impurity. For the cigar¬ 
shaped impurities cr^“^ < 0 and > 0 for the disc-like 
impuritiesJ^ So, we conclude, that 


iVji) = 


+ cr^°‘\{3djdi - Sji)) . ( 21 ) 


For isotropic distribution of directions of impurities 
{{Sdjdi — Sji)) =0. As a result the first order correction 
to Tc is isotropic and no global anisotropy is induced. 
The shift of coincides with that obtained within the 
conventional theory of superconducting alloysi^ 

Deformation changes a density of aerogel n and the 
angular average ({idjdi — Sji)). Relation of this change 
to a macroscopic deformation has to be specified. In line 
with the MRC we assume that the cylinders are ’’glued” 
in a continuous media. At a deformation they change 
their positions and orientations together with this media. 
The infinitesimal vector dxj connecting two neighboring 
points of the media in accord with the definition of the 
displacement vector u changes as: 

du ' 

dx'j = dxj + ^ dxm- (22) 

OXm 


The square of a distance is expressed via the strain tensor 


dXjdXj — i^Sjyin “t“ ^Ujnji)dXradXji. (23) 

For small deformations the nonlinear term in the defi¬ 
nition of Uji can be neglected. Combination of Eqs. (l22l) 
and (j23p in a linear approximation over derivatives of u 
renders a rule for transformation of a product of compo¬ 
nents of the unit vector: e,- = 

\/dx.r^ax^ 


Change of the density of impurities is expressed via the 
strain tensor as: 

TL 

n = --Ri n(l - Umm)- (26) 

-L “r Umm 

Together with Eq. (EH it renders 

{Zdjdi - 5ji)unn + 3a^°-'>{{djd'i) - {djdi))] (27) 
If before the deformation aerogel was isotropic 

7^2 0 ^ 

= -^^On[-a‘'^'>UnnSjl + -(r^°‘\ujl - -UnnSjl)]. 

(28) 

In the nomenclature of the elasticity theory a trace of 
Uji represents hydrostatic compression and the traceless 
tensor in the brackets represents a pure shear. Only the 
pure shear part can orient the order parameter of super¬ 
fluid ^He. Comparison of Eqs. (1^51) and ([5]) shows that 
for long cylinders the model renders < 0 . 

In case of uniaxially symmetric aerogel with the sym¬ 
metry axis Vi the averages {djdi) and {djdidmdn) de¬ 
pend on two parameters which can be introduced as: 
qi = 3{al) = 3{al), q 2 = 1 - ^{al) - {af) + (a^). Then 


(ajO/c) = {qi/2>)5jk + (1 - qi)vjVk, 

(ajaiaman) = (gi/15 - q2/5) 

^ (SmnSjl SjmSln SjjiSljyi) 

-\~q2 * {Smnl^jl^l “b SjlVjnVji -j- Sjm^l^n T SjnVm^l 

S~SijiVjyiVj SiYn^^n^j) 

+ (1 - 91 - 792 ) • (29) 

From the inequalities 0 < of < < 1, 0 < < 1 

we find the following restrictions on qi, q 2 '. 

0 < 91 < 3/2, 

-(2/9)qi < 92 < min{5/6 - (7/9)gi, 9i/3}. (30) 

The case <71 = 1, 92 = 0 corresponds to originally 
isotropic aerogel (a^) = (a^) = (a^) = 1/3, {a^) = 
(of.) = (a/) = 1/5. For ’’nematically ordered” aerogel 
{al) = {4) = 1 , i.e. <71 = 0 , 92 = 0 . 

After substitution of into (071) one can find phe¬ 
nomenological coefficients 7 ^ and k. The first two are 
2 / •>. 

7 o = and 71 = 0. All remaining coefficients 

are proportional to 7 = : 


. . du. 

e^ei = e^ei + 


lei + 


dui 

dXm. 


Gj^m ‘^Umn^m^n^j' 

(24) 


Using this rule we can express average (d(d() in Eq. 
(EH via the averages (djdi) and {djdidmdn) for the non- 
deformed aerogel 


{djd^ — (djdi) -\- UjjYiidjndl) -\- {djUm^Uml 

-\~Vjm{dmdl} {d jQ'm}Uml ^Umn{Um^nU jai). (25) 


72 = (91 - 1)7, __ 

73 = f( 9 i + 1292)7, 

74 = [i - ^(91 + 792 ) 27 , (31) 

75 = 5(1 - 9i - 492 ) 7 , 

K = i(l - 91)7. 

The sign of the combination 74 — 2/375 determines 
a sense of orientation of vector 1 at squeezing of axi¬ 
ally symmetric aerogel in a direction perpendicular to 
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the symmetry axis. As it was discussed in Sec. Illli ex¬ 
perimental data favor possibility 74 — 2/875 > 0. For the 
cigar-shaped impurities < 0 and consequently 7 < 0 . 
Then it follows from the expressions m, that inequality 
74 — 2/875 > 0 can be satisfied if 52 < On the 

other hand one of the inequalities (|8nil is 52 > —2l9qi. 
So for finite q orientation of vector 1 perpendicular to 
the direction of squeezing is not admitted by the model. 
For the limiting case of ’’nematically ordered” aerogel 
9 i = 92 = 0 and 74 — 2/875 = 0. It means that the model 
is not sufficient even for a qualitative interpretation of the 
orientational effect in this case. Essential underlying as¬ 
sumption of MRC is that aerogel consist of a rigid blocks 
(cylinders) which do not change their form at a macro¬ 
scopic deformation of aerogel. Deformation changes only 
spacial density and orientation of the blocks. This as¬ 
sumption may have limited applicability to aerogels, as 
has been emphasized in Ref. [Ifl. 


V. TWISTING 


As an example of a non-uniform deformation consider 
a twisting of a cylinder of radius R. If z-axis is oriented 
along the axis of the cylinder the displacement vector Uj 
at twisting has following components^i: 

Ux = —ezy,Uy = ezx,Uz = 0. (82) 

Here e = ^ and ip is the angle of rotation of a cross- 
sectional plane at the deformation. The non-vanishing 
components of the corresponding strain tensor are: 

'^xz — Uzx — ~ ~ 

Deformations can be considered as small if the condition 
eR <C 1 is met. Finite components of the antisymmetric 
tensor Vji defined by Eq. ([5]) are: 

Vxy = -ez, Vxz = Vyz = ^x. (84) 

We consider situation when the original anisotropy is 
uniaxial and the axis of anisotropy is parallel to the 
axis of the cylinder, i.e. in the non-deformed state 
^(ao) _ With this and Eqs. (O, (1551) and 

m we arrive at: 

Skxz = Skzx = ^ ^ 

where k = |(^ -p 74 -h ^ 75 ). 

Since the increment Skji is nonuniform the equilib¬ 
rium texture of the order parameter will be also non- 
uniform. Let us consider its asymptotic form at large 
distances p from the axis of the cylinder where the gra¬ 
dient energy can be neglected. Using Eq. (I55|) the 
orientational energy for the ABM-phase at the point 


(x,y,z) = {pcosp, psinip, z) can be written as: 

(Suwjk + SKjk) (Sjk - Ijlk) = 


= —a{ 8 Af 


cos^ 6 — 


1 


-«:epsin26*sin(i/) — 7 :)},( 86 ) 


where a = ^N{0)A‘^, 9 and ip are spherical coordinates 
of the orbital vector 1 = m x n. Minimization of Eq. 
(1551) with respect to 0 and ip leads to the following two 
solutions: 


sin(V’i ,2 - ^) = ±1, 


— ± - arctan 
2 2 



( 87 ) 


The first solution corresponds to the upper signs, and 
the second to the lower ones. Substitution of either of 
these solutions in Eq. (1361) renders in a principal order 
on ep <C 1 the expression for the gain of orientational 
energy: 


«/(« AJIeA, ( 38 ) 

4 Hi 


Gradient terms can be neglected if energy is 

much bigger than the density of gradient energy /v 
Af(0)A^(^o/p)^- Using Eq. (1551) one can find a distance 
Ph where two energies are comparable: 


Ph 



Co 


1/4 


( 39 ) 


Here we assumed n n and used a model approximation 
K ^ Solutions (1571) can be used only in the 

asymptotic region p^ ph- 

There is another mechanism which limits from below 
a region of applicability of the quasi-uniform solution. 
As follows from Eq. (1551) the strain vanishes at the axis 
of the cylinder. In the vicinity of the axis vector 1 is 
oriented perpendicular to the z-direction. If the rigid 
blocks, forming aerogel are not axially symmetric, the 
fluctuating part of tensor riji{r) disrupt the long-range 
order of vector 1 in the xy plane and produces the two- 
dimensional LIM statej^ The disordered state extends up 
to a distance plim from the axis of the twisted cylinder, 
where deformation suppresses the LIM-effect. From Eq. 
(1551) and arguments o:^^^ follows that this happens at 


Plim 


e CoCa \k) 


(40) 


where is an averaged distance between the strands. 
For realistic values of parameters always ph Plim- It 
means that a texture of 1 can be approximately described 
by Eqs. (1571) only at p > plim- This region exists if 
radius of the cylinder is sufficiently large R > plim, or 
for typical values of parameters 


eR > 




1/2 


5 - 10 “^ 


( 41 ) 
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Sufficiently strong magnetic field {H 30 G) applied 
parallel to aerogel anisotropy axis orients spin vector 
d perpendicular to the field. Due to dipole energy at 
distances p > plim vector d follows projection of or¬ 
bital vector 1 on the xy plane. Therefore, at distances 
P > PLIM one has a texture that is close to the tangen¬ 
tial disgyrations both at orbital and spin spaces. Topo¬ 
logical charge of this type of texture is iV = 1 -|- 
where is number of quanta of vorticity and super¬ 
fluid velocity is taken to be = Ni{h/2mp)(p. Spin 
part of the order parameter preserves vortex structure 
even at distances p < plim, since fluctuations of dipole 
energy, caused by LIM state at orbital space, leads to 
LIM-length at spin space order of sample 

size ~ ^ ■ 10 ^ -- 10 mm, where 

is the dipole length ^ 10“^mm. The core size of the 
d-vortex has the order of magnetic length ^h- 

Each of two asymptotic regions discussed above has its 
own NMR ” signature”. If magnetic field is oriented along 
0 -axis the transverse frequency shift for the A-phase 
in the ’’ordered” state can be written in a form: 

2Aa;° (p)wL = n\{l-2 cos^ [ 6 'i, 2 (/o)]) , (42) 

where ujl is the Larmor frequency. Correction to the 
frequency shift due to the spacial dependence of the tex¬ 
ture is small. Using Eq. dSZl) we find that cos^ [ 0 i, 2 {p)\ 
(tpY "C 1. Therefore: 

2Awl(p)wi (43) 

The frequency shift of 2D LIM state at the same field ori¬ 
entation in the dipole-unlocked state, i.e. when <C 

is equal to: 

2Auj^^^ujl = ( 44 ) 

If two states coexist, in the transverse NMR spectrum 


1 

there should be absorption within the interval 477 ^ < 


VI. CONCLUSION 

We conclude that reaction of superfluid phases of ^He 
in aerogel on elastic deformations of aerogel at temper¬ 
atures not too far from Tc can be described in terms of 
few phenomenological constants - ’’susceptibilities”, de¬ 
pending on properties of the aerogel in a non-deformed 
state and of ^He in the normal phase. The susceptibili¬ 
ties relate tensor of the bulk anisotropy, which orients the 
orbital parts of the order parameters of superfluid phases 
of ^He, to the symmetric strain tensor of deformed aero¬ 
gel Ujl and antisymmetric tensor of a local rotation Vji. 
These tensors can be found with the aid of conventional 
theory of elasticity. At a given pressure of helium the 
same phenomenological constants can be used e.g. for the 
ABM and for the distorted B-like phases. Physical mech¬ 
anism of the orientational effect of a deformed aerogel is 
illustrated by a simple model (MRC). This model qual¬ 
itatively describes some of the observed properties and 
renders realistic estimations of values of phenomenologi¬ 
cal constants, but it is oversimplified, e.g. it does not ex¬ 
plain a sense of orientation of vector 1 for the ABM phase 
in ’’nematically ordered” aerogel. The considered exam¬ 
ples show that the phenomenological part of the present 
analysis can serve as a framework for quantitative inter¬ 
pretation of experiments with deformed aerogels. 
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